This study aimed to provide information to urban plant growers on the best light requirement for indoor plants. Chlorophyll fluorescence analysis was used to determine the photosynthetic activity of indoor plants as affected by light intensity. Determination of the light intensity requirement for each plant was done by applying the Bayesian Michaelis-Menten equation which was obtained using the Lineweaver-Burk plot. The Vmax and Km values were determined, where the photosynthetic activity measured as electron transport rate (ETR) was denoted as Vmax and light intensity (photosynthetically active radiation, PAR) of ½ maximum ETR was designated as Km. The ETR of 93 indoor plant species were determined and Vmax/2 and Km values of each plant were calculated which resulted in seven levels of light intensity. The levels are as follows: Level 1 -more than the Km value; Levels 2 to 7 were determined using the formula: maximum Km value of the level = Km( ½ ) n-1 where n refers to the level (i.e. n2 = level 2, 7). The … best is level 1 while the most sub-optimal is level 7. The different plants have a wide range of light intensity requirements. Majority of the plants (70) ). The data generated from this study can be utilized in IoT to make the information on plant cultivation and environmental conditions accessible to urban growers who use smartphones.
Introduction
In the advent of smart technologies, services for smart homes become inevitable. A smart home enables the interaction between home owners or users and appliances in the home. The need for Internet of Things (IoT) services for eHomes or smart homes is expected to increase in the coming years. IoT is a technology that tends to connect all the objects in the world to the internet (Channe et al., 2015) including home devices and appliances. The introduction of smart homes has been proposed to improve the quality of life of residents when they are at home. At present, smart homes are focused on energy efficiency and indoor plant cultivation will be necessary.
Whether in a traditional house or smart house, indoor plants need optimum environment to grow properly. One major environmental factor that greatly influences plant growth is light (Pennisi, 2017) . Different plants require a wide range of light intensity for proper growth and development. Indoor ornamental plants are known to favor low to medium light intensities. Knowledge of the light requirements of plants would aide growers to maximize the benefits from indoor plant cultivation. Plants are usually classified according to their light intensity requirements as follows: low-light plants, medium-light plants, high-light plants, and very high-light plants (Pennisi, 2017) . Suboptimal light conditions indoors not only limit growth of the plants but air purifying capacity of the plants as well if stomatal absorption of pollutants is to be depended upon (Brilli et al., 2018) . One way to investigate the effect of light intensity on plant growth is through chlorophyll fluorescence analysis. Chlorophyll fluorescence analysis has become an important tool in plant biology. It is a non-invasive way to study photochemical and nonphotochemical processes within the thylakoid membranes, chloroplasts, plant tissues, and the whole plant (Rohacek et al., 2008) .
To accomplish the intended purpose of aesthetic value, improved air quality, and improved psychological and mental health brought about by indoor plants in smart homes, data is the essential material for intelligence. Therefore, it is important to have a database of plant responses to crucial environmental factors affecting plant growth and development.
This study aimed to identify the light intensity requirements of different interior plants and classify these light intensities into categories that may aide in IoT services for smart homes.
Materials and Methods

Plants and Growth Condition
Ninety-three species of ornamental indoor plants in 10 cm-diameter plastic pots containing growth media mix (Sungro®, Canada). Three individual potted plants per species were maintained as replicates and these were grown in a plant growth room with the following conditions: 23±1°C; 12h light cycle; 28 µmol·m -2 ·s -1 light intensity (fluorescent lamps); 40-60% relative humidity.
Chlorophyll Fluorescence Analysis
Healthy, intact, 3rd to 4th leaves from the shoot of 2 to 3 month-old potted plants were taken as samples from each plant species per replicate. Sample leaves of each plant species were dark adapted for 20 min before chlorophyll fluorescence analysis using Heinz Walz IMAGING-PAM fluorometer K-5 (Figure 1 ). The electron transport rate (ETR) was determined by recording a light curve for each plant sample in 0, 5, 16, 26, 41, 61, 86, 116, 151, 191, 236 , and 286 µmol m -2 s -1 photosynthetically active radiation (PAR).
The ETR is a relative measure of the apparent electron transport rate. The ETR was computed as follows:
Where: absorptivity amounts to 0.84 µequivalents m -2 s -1
Determination of Vmax and Km
The Michaelis-Menten equation was used to determine the relationship of ETR and different PAR (Equation 1). Vmax
and Km values were determined by using the Lineweaver-Burk plot ( Figure 2, Equation 2 ). In this study, ETR was designated as Vmax, and PAR as Km. Km for each plant species was determined where Vmax/2.
Using regression equation in Microsoft Excel, the y-intercepts and slopes were determined and Vmax and Km were calculated. 
Results and Discussion
Light intensity influences various processes in the plant. ). These species are known to require medium to high light intensities (Peninisi, 2017; Shaughnessy and Pertuit, 1999) .
Plotting the ETR against a particular PAR for each plant resulted in a curve similar to the Michealis-Menten reaction curve ( Figure 4 ). For each plant, seven levels of PAR were formed using the formula, Km(½)
. Level 1 is designated as the best level, where PAR is highest; while Level 7 is the most sub-optimal PAR level for the plant. Table 2 shows the upper limit of the PAR levels for each level of each plant studied. According to Pinyuh et al. (2012) , perhaps the most limiting environmental factor in indoor plant growth is lack of adequate light since as the natural light enters a home, this decrease very quickly. Categorizing the light intensity into levels may aide in data interpretation when used in IoT applications. Figure 5 ). In terms of light intensity requirement, this means that most of the plants require medium to high light intensity at about 1,554 to 6,660 lx. Fewer plant species require very low light and very high light intensities. The histogram was created using the different levels of light requirement of indoor plants (Pennisi, 2017) Perhaps one of the difficulties in light intensity management of indoor plants is that different plants require different light intensities. Even within the same families, plant species may require varying illuminance as seen in Figure 6 . This is distinctly observed in families Acanthaceae, Apocynaceae, Araliaceae, and others.
There is a wide diversity of plants in a given light intensity. This is noticeable in light intensity ranges of 21-50 µmol·m Despite the benefits gained from cultivation of indoor plants, homeowners may find it difficult or inconvenient to manage these especially for the working class. In terms of light quantity management, the inconvenience can be aggravated by changes in seasons, time of the days where natural light can enter the house, and others. Conventionally, the easiest way to adjust lighting is to move plants closer or farther away from the source of light. However, in smart homes, this becomes more convenient since adjustment of light intensity can be automated. This can be addressed by intelligent monitoring by light or illuminance sensors which perceive the current environment and collect environmental data; controlled equipment such as smart switch for LED activate itself, adjusting the intensity of indoor light (Chen et al., 2017) . The homeowners can monitor the status of their plants and their environment through smart gadgets such as smart phones (Figure 8) . Yang et al. (2017) describes how botanical IoT technologies are being applied to agriculture and this can be applied to indoor environments like homes. Ray (2017) reviews several technologies involved in connecting plants to humans like sensing and controlling devices (e.g. Botanicalls, Parrot, etc.).
Conclusion
This study measured the photosynthetic response in terms of ETR of 93 indoor plants at different light intensity levels using chlorophyll fluorescence analysis. With the generated data we were able to create some ways to categorize the different indoor plants according to their optimum light intensity requirement, according to different light intensity range, distribution of plant species according to families, and diversity of plant families within a given PAR range. Specifically, seven levels of light intensity were formed from the generated data which may aide in the intelligence material needed in the IoT technology for smart homes that include greeneries or plant gardening in interior spaces. Although there are other factors influencing indoor plants like temperature and water requirements and effects of stress on these plants, our research is an initial step that can be valuable in the further advancement of indoor plant cultivation in smart homes.
